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Outline

— Structural 1somers of perfluorinated alkyl acids

— Sources
— Analysis and implication on quantification

— Ocurrence In human blood

— Distribution In the environment
— Case study after AFFF contamination

— Useful tool for source elucidation?
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Introduction — Perfluorinated alkyl acids

» Polyfluorinated compounds ) OW
» Telomer alcohols, Polyfluorinated phosphoric acids, /F<O“”HFH'EFF e

acrylates, olefins... e WF

» Perfluorinated compounds o

» PFOA, PFOS, ... e 1E IR IR LSS
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Synthesis - Electrochemical fluorination
ECF results in mixtures-branched/linear isomers (30/70)

Electro-Chemical Fluorination Cells
Octanesutfonyl fluoride
U HF+electricity
sioas LT OS
Perﬂuoroodai(Plgsule)forMﬂuoride) N galugrtemlyAnmonlum
Amines
Caee e * Impregnation of leather,
gw(;lzdefd fabric
N-Alkylperfluorooctane sutfonamice OICINONES
o " S * Treatment of paper, e.g.
Carho
e, e PFOA food contact paper
e s * Fire-fighting foam
N-Alkylperfiuorooctzne Fatty Acid Esthers _
s | e » Metal plating
Copolymers .
Sl  Photoindustry

References : 3M och DuPont
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Synthesis - Telomerization

Telomerization gives the linear structure exclusivly*

(R

Terflorcehylere
U
PFOA
HG=CR)
Telarer Alooice HERR)A00
U n28 eencabm sreigtcrein
HOR)CHAH
Teaer Blodce RORA0
U
RGEORAHCHOG
RORCR)CHCHCH OCHH
TonerBAH Teorer Aayle
Moo

References : 3M och DuPont

Polymers och elastomers -
the major fluoropolymer
being PTFE

«Cooking utensils

*High temperature app.

— Engines, oils, heat exchangers

Fire-fighting foam

* 6:2 FluoroTelomerSulfonate

* with exception of isopropyl geometry
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PFOS on the Stockholm Convention UNEP

tool by ammap

tatus of Ratificatighs as of 49/10,/2010
- Ol 2B 4

Acceptable purpose:

Photo-imaging
Photo-resist and anti-reflective coatings for semi-
conductors

Etching agent for compound semiconductors and
ceramic filters
Aviation hydraulic fluids
Metal plating (hard metal plating)
— only in closed-loop systems

Certain medical devices (such as ethylene
tetrafluoroethylene copolymer (ETFE) layers and
radio-opaque ETFE production, in-vitro diagnostic
medical devices, and CCD colour filters)
Fire-fighting foam

Insect baits for control of leaf-cutting ants from Atta
spp. and Acromyrmex spp.

Specific exemption:

Photo masks in the semiconductor and liquid crystal
display (LCD) industries

Metal plating (hard metal plating)
Metal plating (decorative plating)

Electric and electronic parts for some colour printers
and colour copy machines

Insecticides for control of red imported fire ants and
termites

Chemically driven oil production
Carpets

Leather and apparel

Textiles and upholstery

Paper and packaging

Coatings and coating additives
Rubber and plastics
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Structural 1Isomers of PFOS i1dentified In
technical mixtures

Abbreviation Formula Name
L-PFOS CF;CF,CF,CFE,CF,CF,CF,CF,S0;5 n-perfluoro-octanesulfonate

IDFE T FFEFTFIEEE - D T Tl iy Dz ge
2-PFOS CF;CF,CF,CF.CF,CF(CF;)CF,S0;5 pertluoro-2-methyl-heptanesulfonate enantiomers
3-PFOS CF;CF,CF,CF,CF(CF3)CF,CF,S0O5" pertluoro-3-methyl-heptanesulfonate
4-PFOS CF;CF,CF,CF(CF3)CF,CF,CF,50; perfluoro-4-methyl-heptanesulfonate
5-PFOS CF;CF,CF(CF3)CF,CF,CF,CF,50; perfluoro-5-methyl-heptanesulfonate
6-PFOS CF;CF(CF;3)CF,CF,CF,CF,CF,S0;5 perfluoro-6-methyl-heptanesulfonate
4.4-PFOS CF;CF(CF;),CF,CF,CF,CF,S05 perfluoro-4.4-dimethyl-hexanesultonate
3.5-PFOS CF;CF(CF;3)CF,CF(CF3)CF,CF,S805 perfluoro-3.5-dimethyl-hexanesultonate
4.5-PFOS CF;CF(CF;)CEF(CF;)CF,CF.,CF,S05" perfluoro-4.5-dimethyl-hexanesultonate

5.5-PFOS CF;C(CF,).CF,CF,CF,CF,S0;5 perfluoro-5.5-dimethyl-hexanesultonate
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Chromatographic separation

Acquity C,g 50*2.1 mm, 1.7pm Acquity C;g 100*2.1 mm, 1.7pm
H,0:MeOH:2mM NH,Ac H,0:MeOH:AcN:2mM NH,Ac

4. MIKIVI OT b Channeis £>-

4.10 498.95 > 98.7 (PFOS99) 100- 26.33 498.95 > 98.7
1.83e5 1247 4.56e3
i Area
499>99
2
4.00
S NS R L A N [ U A S e BN R B
3.90 4.00 4.10 4.20 22.50 25.00 27.50 30.00
4: MRM of 6 Channels ES- 09061001 Sm (Mn, 2x3) 2: MRM of 11 Channels ES-
4.10 498.95 > 79.7 (PFOS80) 100+ 26.33 498.95 > 79.7
1.84e5 | 3.44e3
499>80 .
3.98 1
“‘\““““\““““\““““\“““‘Time OH\HH\HHHH\HH\\\\\““H“\H‘Time
3.90 4.00 4.10 4.20 22.50 25.00 27.50 30.00

Waters Acquity UPLC-Quattro Premier XE
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MS - negative electrospray

PFOS Full scan MS1 cone voltage 65 V

pfos
080916PFOS 1 (0.302) Scan ES-
1004 499 5.51e6
FF_F_ B9
= F |F |F |S -
- ®
< FLFL FlF
F F F
Molecular ion weight m/z 499
w 500
277
sso%t ) 7 sy a0 2 a3 W P J\%% s S i us  sy s Peom ey o s

80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560 580 600

Waters Quattro Premier XE
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pfos
080916PFOS_7 1 (0.302)

100

| 80

Product 1on scan PFOS

Daughters of 499ES-
7.34e6

64 eV

L |
‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘

O-terrer
080916PFOS_6 1 (0.302)

1004 208

Daughters of 499ES-
4.07e6

“0”-serie [M-CF;(CF,),: ] “9”-serie [M- SO,4(CF,),’]

1 79
] 80
] 9949
" 32 eV
| 169 e
130 168
| w 280
0+ L | ———— —— R " “““ I —— ‘um“““uu ““““““““““ ‘L “““ ‘ “““““ | ‘;‘Hu “““ L miz
80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400

Waters Quattro Premier XE
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Branching affects CID

e Most published

Im-PFOS
mEthOdS use m/Z 99 1005 130 [FSO.;
for quantification S ,m? j,,’iL Jso,
— some isomers do not ,ﬁ 60, o ”“"‘f 0 T

produce the m/z 99 ion £ 40l o 230 o
é 20 180 ! 280 499
e . 1.9..16.9 | |
° MISSIng fragments Can > lifJ{l El'][:l S{JD 400 5[3[5
be used for maSS Langlois etal..l;Iuoros 2005

spectrometric
separation
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Response factors - PFOS

4,5/5,5-diCH;PFOs  3/4/5-CHyPFOS
2012 III \

|

J“ | \w]

|
’ } \ 6-CH;PFOS
4 4 d|CH PFOS | zuu iI | 22;\‘\‘7
1974 ‘ I II\
|| | ZI I|| .I f'{ l’ 2_CH3PFOS
( W llﬂ JI.l \I | ‘,ll / |Il22*72 2I:;"PFOS
[\ v / N RN
—————— /...1L\’..‘,”_.JI,.\",.1,'*‘/i_‘*/ T
3,5-dICH3PFOS 1-CH;PFOS

B S S N R N R I

1.72 108 111 052 -

028 035 080 071 035 1
0.64 - 1

0.75 203 143 158 1.95

0.12 0.37
27 14 5.7 16 4

499>80

499>99 - 0.15 -
499>130 3.1 27 1.3

Berger U., Kaiser MA., Karrman A., Barber, JL., van Leeuwen, SPJ. 2011. Recent developments in trace analysis of poly- and perfluoroalkyl
substances. Analytical and Bioanalytical Chemistry 400(6) 1625-1635
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Quantification using linear response

4,5/5,5-diCH,PFOS  3/4/5:CHsPFOS

/"
\
\

. i " | 6-CH;PFOS
’ overestimate 4,4-diCH,PFOS | | | i
19.74 ‘ I\
M | \H j *xmf "CHPFOS | pFos
. \ I 2 4
, undereStlmate ;n;_'?am'cm ‘ 19?5;' ;;'00 ' 20?%?%1—;@;; ' 22?00\ ‘J2250 "ozon 2350'/;_5;1' 2450  25.00
3,5-diCH;PFOS 1CH.PFOS

B 8 N R R R

499>80 0./5 203 143 158 19 172 108 111 052 -

499>99 - 0.15 - 012 037 028 035 080 0.71 035 1
499>130 3.1 27 1.3 27 14 5.7 16 4 0.64 - 1
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Response factors — PFOA i1somers

4 4/5 5-diCH; PFOA

/ 3,5-diCH,PFOA
. / -CH,PFOA
’ 3/4/6-CH;PFOA
15.70 hl
} | l{flll"‘ / \l
\ / \/ \ 17.09

........................................................................................................

13.50 14.00 1451 15.00 19.80 16.00 16.50 17.00 17.50 18.00 18.50

L- PFOA/Z CH;PFOA
4,5-diCH;PFOA

S 55 [ as 1 a5 | 5 | o |4 | o | 2 | Liear
413>369 <0.01 - 0.11 - 0.17 0.03 026 059 001 1
413>219 - 43 - - 11 - 022 1 - 1

413>169 0.01 - 066 012 016 0.02 - 312 0.03 1
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Quantification using linear response

4,4/5,5-diCH3PMEpA

1004

3,5-diCH;PFOA

| . -CH,PFOA
’ overestimate 3/4/6-CH,PFOA

, underestimate | )\ AR

13.50 14.00 14.5 15.00 15.50 16.00 16.50 17.00 17.50 16.00 18.50

L-PFOA/2-CH;PFOA

4,5-diCH;PFOA

S 55 [ as 1 a5 | 5 | o |4 | o | 2 | Liear
413>369 <001 - 0.11 - 0.17 0.03 026 059 001 1
413>219 - 43 - - 11 - 022 1 - 1

413>169 0.01 - 066 012 016 0.02 - 312 003 1
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Challenges In the identification of isomers
PFHXS

PFHXS in human serum
ILS B

09100735 3 MRM of & Channels ES-

i 399>80

* Pregnandiol sulfonate isomers

e 399>119is "clean”

3

B0
09100735 3 MRM of 6 Channels ES-

100- 3.52

tHat 399>99 399>80 better than 399>99

# « Chromatographic separation

possible but can be difficult with

09100735 o o 3 MRM of 6 Channels ES- "Ol’dinary” C18
7\ 399>119

i

Chan et. al 2009. Rapid communications in mass spectrometry, 23 :405-1410.
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Challenges In the identification of Isomers
PFOS

Xewo TC_230409_091 16: M52 ES-

PFOS (2.8 ng/g) in 10728
Salmon liver
499>99
Full scan 499>80
o] a b
j.
)‘ )
o MRM
0 ettt \ i L o o o o R L L R  mamm menm NTTE

Silcock, P.J., Karrman, A., Worrall, K., van Bavel, B. 2009. Organohalogen Compounds 71, 1210-1215
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Salmon liver RADAR Spectra

e 498 498
e
a | 499

/\ Isotopic interference on
Pre-cursor mass

e

0 380 390 4

JF;: Iaa
(‘mwa‘sz
| 1. XIC 499 m/z

(RADAR))

= PFOS

. 499>80
Simultaneously MRM and Full scan
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Product 1on experiments

100- 799 Wb "
123.9
106.9
Q
1
_5=0
- . taurocholate
019 3532
' 164.9 %83
Fag 1509 178.0 206.0 2321 2452 2622 . 2951 342307 ‘ | 3560 4001 4939 442_0454.0 4821 4951
0 1 WL . L | L Ll P YSPRT (T AT Y1 [ [P DR | ...|I|I|| ol gl .|.||.I.| VA AR T IR TR AR I |I|.| T M | |. L | | A
R I I L I I L I R R R I L L I L I I L I I I I I R L R R I I R AN L RN RN RN I R IR IR LS LR LR LA AR LLRAR AR
100- 799 Wi "
deoxytaurocholate
b - 1238
4982
3161
2901 3301 480.0
349 ‘ B30 g723 38*|3-3 A14.1
o ""'|'"'|"""""""""l":'l""l''''|""'|""|""||''''|"l''|"'!|':"'l"''|'l':'|'"'i''"Il'l"'|''"'ll''''|''''|"""|'''I'l'''I'II':''|'|'|"||""|:'"'||:""'|"'l'l':""lll'L'l''|'!"|I'''l'll''"|!!:'|''|:'|!I''‘|"'''|""|'''I'|'"'|!"'|""|""|""|m"‘Z
A0 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 0 420 440 460 480 500 520

In accordance with Benskin et. al 2007. Analytical chemistry, 79 :6455-6464
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Occurrence of 1Isomers In
human blood

ECF: ~70% linear isomer
Telomerization: 100% linear isomer

Preferential accumulation of the linear structure is
expected, based on lab studies on rodents
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Example of PFOA and PFOS in human blood

26.29
e  413>369 499>80
PFOA PFOS
150 ng/mL 30 ng/mL
24.40
25.27
NI | S— H e

= Time

I
16.00 18.00 20.00 22.00 24.00 26.00 28.00



(iJ OREBRO UNIVERSITY

PFOS isomers in Swedish blood

95%CI

100

90

80 Males, n=30
. T
< 70 1
° 60 | ¥ Low 1-4 ng/mL
g
% 50 - “ Medium 10-20 ng/mL
o
E’ 40 - “ High 20-60 ng/mL

30 -

20 - |

: |
10 - ' i
0| | a 1 I I SR I I I I

L-PFOS 1-PFOS 2-PFOS 3/4/5-PFOS 6-PFOS 4,4-PFOS 45/55- 3,5-PFOS
PFOS

Isomers

Berger U., Kaiser MA., Karrman A., Barber, JL., van Leeuwen, SPJ. 2011. Recent developments in trace analysis of poly- and perfluoroalkyl
substances. Analvtical and Bioanalvtical Chemistry 400(6) 1625-1635
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Individual results in the low (1-4 ng/mL)
level group

3.3 ng/mL

50 +

40 ]

3.5 ng/mL

percentage of the concentration (%)

L-PFOS 1-PFOS 2-PFOS 3/4/5- 6-PFOS 4,4- 4,5/55- 3,5-
PFOS PFOS PFOS PFOS
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PFOS isomer pattern in human blood
from different countries

OSweden OAustralia BUK B8 Standard product
90 -
80 s
g .
60 it
< 40
30 1
20 1
10 A
0 ==L

Unidentified Unidentified Dimethyl
(0.86) (0.9)

Dimethyl 3/4/5-PFOS 1/6-PFOS
substituted substituted

L-PFOS Unidentified
(1.03)

Karrman et al. 2007 Environment International, 33 782-788.



E’OREBRO UNIVERSITY

percentage(%)

100

90 -

80 1

70 -

60 -

50 A

40 A

30 1

20 -

10 -

PFOA i1somers in Swedish blood

. I

s .

T

L-PFOA

Isomers

3/4/6-PFOA

Males, n=31

“Low0.5-2.8 ng/mL
" Medium 1.3-4.6 ng/mL
“High2.1-8.4 ng/mL

- Skiwax technician 99 ng/mL
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Isomer distribution In the
environment
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Isomer profiles in the environment around a
AFFF point source =

>~ & :
Bergen Airport S i = " 5

————— - P— s e — - . =2 5. iy )
T i ‘ ' ; \ it e ol e e
¥ H f |
/ ! \ i
;- | =1 i, =
7 | ¥ / [ =
! ) S ]

{ =
. s | f 2
g A | Langavatnet =
i ] |

Fish-Langevann _

! L .rl- .
| | ! /. . o |
'] i ’ |I |I
| | 1 Langevann-2 r— = e
| = e v Lt | =
% I = :‘_ =
P

Blue ri\ussel1 ‘&

_- i o A4
Blue mussel-3 [ | s

=

Blue, ;nussel-iz




m(")REBRO UNIVERSITY

Soil chromatograms

PFOS PFOA

IL-09-019-091215:1
2P10BE260_05 Sm (Mn, 2x3)

100+

15.97
288

4: MRM of @ Channels E3-
4129 > 168.8 (PFOATE9)

/& 413>169

IP1005260_05 Sm (Mn, 2x3)
100

15.72
121
16.00
19

499>99 L AT A R [P

1680 A700
4 MRM of 8 Channels ES-
4129> 2153 (FFOAZIS)

/\ 413>219

100+

3,5- and 4,4-PFOS 1-PFOS

33

0 T T T T T T T T T
499>80 14,50 15.00 1540 16.00
AP005260_05 Sm (Mn, 2x3)

T T T
16.30 17 UU
4: MRM of 8 Channels E5-
4129 = 368 9 (PFOA3E9)

J\ 413>369

T T T T T e T T
14.50 15.00 15.50 16.00

5-PFOA

T T Time
1650 17700

28
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|

I } .
Blue muszela "_ i L W |

f
I
1 = e n"
\«" netnte ‘ |
) l | -« y I

PFOS isomersinsoil = ol

100 EOm

% ot total concentrtation (ng/g d.w.)

N BE—

L-PFOS 1-PFOS 2-PFOS 6-PFOS 3/4/5-PFOS 3,5-PFOS  4,5/5,5-PFOS  4,4-PFOS

Karrman, A., Elgh-Dalgren, K., Lafossas, C., Mgskeland, T. 2011. "Environmental distribution of structural isomers of 29
perfluoroalkyl acids after aqueous fire-fighting foam (AFFF) contamination”. Environmental Chemistry 8(4) 372-380
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% ot total concentrtation (ng/g d.w.)

Blue musceld |

PFOS i1somers in soll

100
/\ EOm HW10m H40m HE75m M100m H150m [200m

90

80

"63% / 84% amptFO5conc.

50

40

30

20

10

L L L

L-PFOS 1-PFOS 2-PFOS 6-PFOS 3/4/5-PFOS 3,5-PFOS 4,5/5,5-PFOS  4,4-PFOS 30
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....water, sediment, biota

100

20

80

Seepage water
n=3

70

60

50

40

30

% ot total concentrtation (ng/L)
% ot total concentrtation (ng/L)

20

10

100

90
80
= jary
= =
% i
£ 70 2 70 n=4
g s
z 60 Z 60
£ b=
S 50 5 50
g g
5 5
S 40 S 40
jud o
g 30 g 30
pot z
2 s
20 20
10 10
o o _,;—_—-ﬁ—,—#-—gﬁli/—
o o o o o o o )
& & «© & & & & &
v @ o ”? o e
A\ N
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PFOA 1somers

% ot total concentrtation (ng/g)

100 N
EOm m10m m40m m75m m100m =150m £1200m 100
90 90
80 80
3
: TR Wat
- Sal ater
60 2 60
E
50 5 50
2
=]
40 ; 40
g
30 = 30
2
20 20
0 : : : k ; -— ; ; ‘ ; D al 1 1 1 1 1 1 I
o o o o S o S o
Q“Ov Q“ov Q“ov Q“ov Q“O?. Q“Ov Q“ov q“ov I o \b’q‘( o X S o S
b ! - v e’ ey v
v v \s.\"’ “ ”? W N4 o? > > ®

......Not detected in sediment and biota

32
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PFOS i1somers In marine mammals

96
94 ‘I‘
92
90K
88 ringed seal 1984
gj ringed seal 1998
82 "h E==ringed seal 2006
X Morth
60 II I pilot whale 1986 o P
S 2 [ pilot whale 2001
£ 10 I pilot whale 2006
c
(]
S 9
(@]
[&]
B 8
2 7
©
X 6
5 }
4 {
3
2
1
L T J L Y J L T J L Y J L T J L Y J L T J L Y J
L-PFOS 1-PFOS 2-PFOS 6-PFOS  3/4/5-PFOS  3,5-PFOS  4,5/55-PFOS  4,4-PFOS
33

Rotander A, Kérrman A, van Bavel B, Polder A, Rigét F, Audunsson GA, Vikingsson G, Gabrielsen GW, Bloch D, Dam M.
“Increasing levels of long-chain perfluorocarboxylic acids (PFCAs) in Arctic and North Atlantic marine mammals 1984-2009”” Chemosphere In Press
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PFOS i1somers in mink from Sweden

KARTA OVER SVERIGE

80%

60%

40% |

20%

T et 0 r—

West coast

West coast Central urban Central urban North Inland North Inland North Inland

Rotander A, Kérrman A, et al., Not published

1 4,4-PFOS

1 4,5/5,5-PFOS
M 3,5-PFOS

B 3/4/5-PFOS
B 6-PFOS

B 2-PFOS

B 1-PFOS

B L-PFOS



http://www.google.com/imgres?imgurl=http://www.yorkblog.com/craft/mink.jpg&imgrefurl=http://www.yorkblog.com/craft/2010/12/no-minks-were-harmed-in-the-creation-of-this-blog-post.html&usg=__S90bxrpB-7Y4Pi-GkmxlGcM5PEY=&h=627&w=720&sz=99&hl=en&start=15&zoom=1&tbnid=ozyHdXoq7BmzeM:&tbnh=122&tbnw=140&ei=nBqmTszHM4PkiAKylKXbDQ&prev=/images?q=mink&hl=en&sa=X&tbm=isch&itbs=1
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Useful tool for source
elucidaton?
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Useful tool for source elucidation?

Pitfalls:

e Biotic and abiotic fractionation of structural
ISsomers

— Branched isomers more water soluable compared
to the linear isomer

— Different bioaccumulation, linear lower excretion

rate
g ~ soil water o biota
:; ] -m__t.‘yhll____‘_ I-lnﬂ_q']l_l_.,__ ] _ﬂ_m'ln-n.:..__.__:__

36
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Useful tool for source elucidation?

Oppertunities:

e  Tracking exposure sources

—  Differentiate between historic” (ECF) and current”
(telomerization) production

. Human pattern influenced by unknown factor,
which can help determine the exposure source
—  Precursor metabolization?

a0 -

30 ;
|

70 1

60

i m PFOS 1-4 ng/mlL

m PFOS 10-20 ng/mL
30 - PFOS 20-60 ng/mL

20 -
0 e
5 - s 5 5
& «° S
N v ¢ @

% ot total concentrtation (ng/mL)
F=
o



Thanks for your attention

MAN TECHNOLOGY
ENVIRONMENT
RESEARCH CENTRE

(@2 P~

~

2, &
0 yNiN



	�Structural isomers of perfluorinated alkyl acids, useful tool for source elucidation?  �
	Outline
	Introduction – Perfluorinated alkyl acids 
	Synthesis - Electrochemical fluorination
	Synthesis - Telomerization
	PFOS on the Stockholm Convention
	Structural isomers of PFOS identified in technical mixtures
	Chromatographic separation
	MS - negative electrospray
	Product ion scan PFOS
	Branching affects CID
	Response factors - PFOS
	Quantification using linear response
	Response factors – PFOA isomers
	Quantification using linear response
	Challenges in the identification of isomers�PFHxS 
	Challenges in the identification of isomers�PFOS
	Salmon liver RADAR Spectra
	Product ion experiments
	Slide Number 20
	Example of PFOA and PFOS in human blood
	PFOS isomers in Swedish blood
	Individual results in the low (1-4 ng/mL) level group
	PFOS isomer pattern in human blood from different countries 
	PFOA isomers in Swedish blood
	Slide Number 26
	Isomer profiles in the environment around a AFFF point source
	Soil chromatograms
	Slide Number 29
	PFOS isomers in soil
	….water, sediment, biota
	PFOA isomers
	PFOS isomers in marine mammals
	PFOS isomers in mink from Sweden
	Slide Number 35
	Useful tool for source elucidation?
	Useful tool for source elucidation?
	Thanks for your attention

